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Description 



STRUCTURE AND METHOD OF MAKING A 
BIPOLAR TRANSISTOR HAVING REDUCED 
COLLECTOR-BASED CAPACITANCE 

Background of Invention 

[0001] The present invention relates to integrated circuit devices 
and tlieir fabrication. 

[0002] Higli performance circuits, especially those used for radio 
frequency chips, favor the use of heterojunction bipolar 
transistors (HBTs) to provide high maximum oscillation 
frequency f and high transit frequency f , also referred 

MAX T 

to as "cutoff frequency". HBTs have a structure that in- 
cludes ajunction formed by juxtaposing two dissimilar 
semiconductors. For example, an HBT may have a base 
layer including a semiconductor alloy material such as sil- 
icon germanium (SiGe), having substantial germanium 
content and profile, juxtaposed to a collector region of 
silicon or an emitter layer of polysilicon. 
[0003] An advantage of an HBT is that a heterojunction can be 



designed to have a large current gain. Increased current 
gain permits the resistance of the base to be decreased by 
allowing a higher dopant concentration to be provided in 
the base of the transistor. To increase the performance of 
an HBT, it is desirable to increase both the transit fre- 
quency f and the maximum oscillation frequency f . F 
is a function of f^, parasitic resistances and parasitic ca- 
pacitances (both collectively referred to herein as "para- 
sitics") between elements of the transistor according to 
the formula 

fMAX = (fT/8TT*Ccb*Rb)l/2. 



[0004] The parasitics of the HBT include the following parasitic 

capacitances and resistances, as listed in Table 1: 
[0005] Table 1 

[0006] c collector-base capacitance 

cb 

[0007] Q emitter-base capacitance 

eb 

[0008] R collector resistance 

c 



[0009] R emitter resistance 

e 

[0010] R base resistance 

b 

[0011] The most significant parasitics are tlie collector-base ca- 
pacitance C ^ and the base resistance R , because they 

CD b 

provide an electrical feedback path between the output 
and input of the transistor, reducing power gain and thus 
reducing gain-dependent figures of merit including f 

MAX 

Their values are typically larger than the other parasitics, 
making their effects on f and f more pronounced. 

^ T MAX ^ 

Thus, it is desirable to provide an HBT structure and 
method by which C ^ and R are significantly reduced. 

cb b 

[0012] An example of a state of the art heterojunction bipolar 
transistor (HBT) structure containing parasitics is illus- 
trated in Figure 1. As depicted in the cross-sectional view 
therein, an ideal or "intrinsic" device consists of a one- 
dimensional slice downward through the centerline 2 of 
the HBT, through emitter 4, intrinsic base layer 3, and col- 
lector 6. The emitter 4 is generally heavily doped with a 
particular dopant type, (e.g. n-type), and generally con- 
sists essentially of polycrystalline silicon (hereinafter, 
"polysilicon"). The intrinsic base 3 is predominantly doped 
with the opposite type dopant (e.g. p-type), and less 



heavily than the emitter 4.The collector 6 is doped pre- 
dominantly with the same dopant (e.g. n-type) as the 
emitter 4, but even less heavily than the intrinsic base 3. 
Region 5 represents the depletion region disposed be- 
tween the intrinsic base 3 and the collector 6, due to the 
p-n junction between the base and collector, which have 
different predominant dopant types. Region 7 represents 
the depletion region disposed between the intrinsic base 3 
and the emitter 4, due to the p-n junction between the 
base and emitter, which have different predominant 
dopant types. Often, the intrinsic base 3 is formed of sili- 
con germanium (SIGe), which is epitaxially grown on the 
surface of the underlying collector 6. 
[0013] The ideal structure itself contains two capacitances that 
impact performance. Intrinsic emitter-base capacitance C 

BE 

arises at the junction 7 between the emitter 4 and the 
base 3. In addition, there is an intrinsic collector base ca- 
pacitance C at the junction 5 between the collector re- 

CB, I 

gion and the base. The values of these capacitances are 
related to the areas of the respective junctions, as well as 
to the quantities of dopant on either side of the respective 
junctions. Although these capacitances impact the power 
gain of the transistor, they are an inextricable part of the 



ideal transistor structure and tlius cannot be fully elimi- 
nated. 

[0014] Unfortunately, a one-dimensional transistor, which is free 
of all material beyond the intrinsic device, cannot be real- 
ized in a practical process. A typical transistor contains 
additional parasitics stemming from interaction between 
the intrinsic device and other material structures in which 
the intrinsic device is embedded. Such material structures 
help provide electrical access to and heat transfer away 
from the intrinsic device. One such parasitic having a key 
impact upon power gain is the extrinsic collector base ca- 
pacitance C . As shown in Figure 1, C and C are 

CB, E CX RX 

components of the extrinsic collector base capacitance C 

CB, 

^. The first component capacitance C^^ results from inter- 
action between the extrinsic base of the device and the 
collector pedestal. The second component capacitance C 

RX 

results from interaction between the extrinsic base of the 
device and the bulk substrate portion of the collector, be- 
tween the edge of a shallow trench isolation (STl) 9 and 
the collector pedestal 6. An additional component capaci- 
tance C is the capacitance of the extrinsic base and sub- 

PB ^ 

strate where separated by the STl. Ideally, the fabrication 
process of an HBT results in an STl having a thickness 



which is sufficient to avoid substantial C . In such case, 

PB ' 

the parasitic capacitances C C and C contribute 

CB, I, CX RX 

more significantly to the overall collector base capacitance 
C than C . 

cb PB 

[0015] As illustrated in Figure 2, the extrinsic base resistance R 

b 

is a second important parasitic. R represents the series 

b 

resistance between the external base contact and the in- 
trinsic base film. The components of the base resistance R^ 
include: R , which is a function of the size of the emitter 

int 

and the intrinsic base profile. Another component, R 

, is a function of the width of the spacer separating 

sp+link 

the raised extrinsic base layer from the emitter, and is 
also a function of the interface quality of the link between 
the intrinsic base and the raised extrinsic base. Another 
component is R , which is function of the thickness, 

poly 

doping and alignment of the edge of the silicide 11 (when 
present) to the polysilicon layer 8 of the raised extrinsic 
base. R , is a component which is a function of the 

silicide 

dimension of the polysilicon over which the silicide 11 is 
disposed. The parasitic resistances R and R con- 

poly silicide 

tribute significantly to overall base resistance R . 

b 

[0016] Typically, moving the extrinsic base elements closer to the 

intrinsic device reduces R . However, such an approach 

b 



tends to increase the extrinsic collector base capacitance 
^CB e' ^''^^^'"9 ^ fundamental tradeoff between the two 
parasitics and making it hard to improve overall power 
gain. Narrowing the collector pedestal itself can also re- 
duce C . Such a reduction is difficult to achieve, how- 

CB, E 

ever, since the pedestal is typically formed by implanta- 
tion of dopants, which tend to scatter laterally during im- 
plantation and to diffuse laterally during the typical heat- 
ing that a transistor experiences during fabrication. Nar- 
rowing the collector pedestal also increases the collector 
resistance (R^) of the collector pedestal, impacting high 
frequency performance. Thus, it is desirable to avoid nar- 
rowing the collector pedestal. 

[0017] A structure and method of confining the lateral dimension 
of the collector pedestal near the point of interaction with 
the extrinsic base, while maintaining low and preserv- 
ing tolerance against process thermal cycle would be of 
major advantage in improving the high-frequency gain of 
a bipolar transistor. 

[0018] Therefore, it would be desirable to provide a structure and 
method of fabricating a bipolar transistor having reduced 
extrinsic collector base capacitance C^^^ without signifi- 
cantly impacting the extrinsic emitter base resistance R 



or the collector resistance R^, so as to achieve superior 
high-frequency power gain. 

[0019] Commonly assigned, co-pending U.S. Patent Application 
No. 10/249,299 (Attorney Docket No. FIS920020217US1) 
describes an HBT having reduced collector-base capaci- 
tance and resistance, by vertically Interposing first and 
second shallow trench Isolation (ST!) structures between 
the collector, which underlies the STI, and the raised ex- 
trinsic base which overlies the STI. 

[0020] It would further be desirable to Increase the transit fre- 
quency f and maximum oscillation frequency f 

T MAX 

through change In one or more of the vertical profiles of 
the collector, base, emitter and/or the junctions between 
them. 
Summary of Invention 

[0021] Structure and method are provided for forming a bipolar 
transistor. As disclosed, an Intrinsic base layer Is provided 
overlying a collector layer. A low-capacitance region Is 
disposed laterally adjacent the collector layer. The low- 
capacitance region Includes at least one of a dielectric re- 
gion and avoid disposed In an undercut underlying the 
Intrinsic base layer. An emitter layer overlies the Intrinsic 
base layer, and a raised extrinsic base layer overlies the 



intrinsic base layer. 
Brief Description of Drawings 



[0022] Figure 1 illustrates components of collector base capaci- 
tance in relation to the structure of an HBT. 

[0023] Figure 2 illustrates components of base resistance and 

collector resistance in relation to the structure of an HBT. 

[0024] Figure 3 illustrates a heterojunction bipolar transistor ac- 
cording to an embodiment of the invention. 

[0025] Figures 4 through 13 illustrate a method of fabricating the 
heterojunction bipolar transistor shown in Figure 3 ac- 
cording to an embodiment of the invention. 
Detailed Description 

[0026] The embodiments of the invention described herein pro- 
vide a structure and method for forming a bipolar transis- 
tor having reduced collector-base capacitance (C ). Re- 
do 

ducing the collector-base capacitance affects the power 
gain of the transistor, helping to increase f and f . Ac- 

T MAX 

cording to the embodiments of the invention, these goals 
are furthered without significantly increasing series resis- 
tance (R ) or base resistance (R ), thus enabling improve- 

c b 

ments to be achieved in the gain and frequency range of a 
bipolar transistor. 



[0027] jhe bipolar transistor according to an embodiment de- 
scribed lierein includes an evacuated or gas-filled void 
occupying at least part of the space between the base and 
the collector. The presence of a void, in place of a solid 
dielectric such as silicon dioxide or silicon nitride, reduces 
the dielectric constant, typically by a ratio of three to one 
or greater. Capacitance C is directly related to the dielec- 
tric constant k according to the relation C = kA/d. Thus, 
the presence of the void decreases the collector-base ca- 
pacitance when the area A of the base fronting the collec- 
tor and the distance d between them remain the same. 

[0028] Figure 3 is a cross-sectional view illustrating a bipolar 

transistor 100 according to an embodiment of the inven- 
tion. As shown therein, transistor 100 includes a collector 
layer 52 disposed within a collector pedestal 68 formed in 
substrate layer 101 of single-crystal semiconductor mate- 
rial. The single-crystal semiconductor material is prefer- 
ably silicon. An annular low-capacitance region 54 includ- 
ing a solid dielectric material is disposed laterally adjacent 
to the collector layer 52. The solid dielectric material is 
preferably a deposited oxide, as described more fully be- 
low. In the preferred embodiment shown in Figure 3, a 
void 56 is disposed immediately adjacent a sidewall 66 of 



the silicon material in which the collector pedestal 68 is 
disposed. The void 56 may be evacuated. Alternatively, 
the void may be filled with a gas which is inert or other- 
wise essentially nonreactive with materials with which it 
contacts, i.e., the semiconductor material of the substrate 
layer 101, the solid dielectric material of region 54, and 
an oxide layer 40 disposed above the void 56. Another 
void 58 is preferably disposed in an undercut region adja- 
cent a collector reach-through region 37. 
[0029] An intrinsic base layer 112 is disposed over the collector 
layer 52, the low-capacitance region 54 and void 56. The 
emitter 114 is disposed over a central portion of the in- 
trinsic base layer 112. A raised extrinsic base 128 is dis- 
posed over a portion of the intrinsic base layer 112, hav- 
ing an annular shape, surrounding the emitter 114. The 
intrinsic base layer 112 preferably includes a region of 
single-crystal silicon germanium (SiCe) overlying the col- 
lector layer 52 and disposed below the emitter 114, such 
that heterojunctions result between the SiGe region and 
the silicon regions lying above and below the SiGe region. 
For example, a heterojunction results between the SiGe 
region and the silicon of the collector layer 52 and/or the 
emitter 114. The raised extrinsic base 128 preferably in- 



eludes a layer of polysilicon 118 overlying the Intrinsic 
base layer 112, over which a low- res I stance layer 123 Is 
disposed. The low-resistance layer preferably consists es- 
sentially of one or more metals and/or metal slllcldes. 
[0030] The emitter 114 provides a conductive path to the Intrin- 
sic base layer 112 through an opening In the raised ex- 
trinsic base 128. The emitter Is Insulated from the raised 
extrinsic base 128 by a pair of dielectric spacers 130 and 
132. Spacer 130 Is preferably formed of an oxide, e.g. sil- 
icon dioxide, while spacer 132 Is preferably formed of a 
nitride, e.g. silicon nitride. The emitter 114 has an upper 
portion 150 Including a layer of heavily doped polysilicon 
and a low-resistance layer 125 Including a metal and/or a 
metal silicide overlying the polysilicon layer. A layer of 
oxide 136 separates the upper portion 150 of emitter 114 
from the raised extrinsic base 128. In a preferred embodi- 
ment, a layer of oxide 138 is also disposed over the low- 
resistance layer 125 of the upper portion of the emitter 
114. A low-resistance layer 127 such as a metal silicide 
layer is disposed at a surface of the collector reach- 
through region 37. An additional dielectric layer 139 is 
provided as a conformal coating on or overlying the oxide 
layer 138, the portion of the raised extrinsic base 128 that 



is not covered by oxide layer 136, and otiier areas of tlie 
structure, sucli as partially overlying the collector reach- 
through region 37. Dielectric layer 139 preferably consists 
essentially of silicon nitride. 

[0031] Vertical contact from an overlying wiring level (not shown) 
is provided to each of the raised extrinsic base 128, emit- 
ter low- resistance layer 125 and the low- resistance layer 
127 overlying the collector reach-through region 37 
through metal- or metal silicide-filled vias 140, 142, and 
144. The vias are etched into an overlying deposited in- 
terlevel dielectric layer (ILD) 146 and the conformal di- 
electric layer 139. Desirably, ILD 146 consists essentially 
of a deposited oxide, for example, silicon dioxide such as 
aTEOS oxide or borophosphosilicate glass (BPSC). 

[0032] A method of fabricating a bipolar transistor 100 as illus- 
trated in Figure 3 will now be described, with reference to 
Figures 3 through 13. As depicted in Figure 4, a subcol- 
lector region 10 is implanted into substrate layer 101 
consisting essentially of a single-crystal semiconductor 
material, for example, silicon. Region 12 represents a 
portion of substrate layer 101 which is not implanted as a 
result of this step. When the transistor to be made is an 
npn transistor, phosphorous ions are preferably implanted 



during this step to achieve a dopant concentration of 
about lO^^cm'^ to lO^^cm"^. When the transistor is to be 
a pnp transistor, boron ions are implanted. Hereinafter, 
reference will be made to the fabrication of an npn tran- 
sistor, and the dopant types corresponding to the fabrica- 
tion of an npn transistor will be described. After the im- 
plantation step, a layer 15 (hereinafter, "epitaxial layer") of 
intrinsic silicon or very lightly doped silicon (i.e. having a 
concentration of less than about 5 x lO^^cm"^) is epitaxi- 
ally grown onto the surface of subcollector region 10. 
[0033] Next, as shown in the cross-sectional view of Figure 5A 
and the top-down view of Figure 5B, a pad oxide layer 20 
and a pad nitride layer 25 are formed over the epitaxial 
layer 15 and patterned. Using the pad oxide and pad ni- 
tride layers as a mask, trenches are etched into epitaxial 
layer 15 and the substrate layer. Thereafter, the trenches 
are filled with an isolation material to form isolation 
trenches (ITs) 30. Preferably, the isolation material in- 
cludes a dense silicon dioxide deposited by a high- 
density plasma deposition process. A liner material such 
as silicon nitride is preferably deposited in contact with 
the semiconductor material exposed along sidewalls of 
the trench, prior to depositing the oxide to fill the 



trenches. The filled ITs 30 are disposed laterally adjacent 
to the implanted subcollector region 10. As shown in the 
top-down view of Figure 5B, an IT 30 surrounds the im- 
planted subcollector region 10 on all sides. Referring 
again to Figure 5A, IT 30 is desirably provided as a "deep 
trench isolation", typically extending to a depth of one 
micron or more from the top surface 22 of the epitaxial 
layer 15, and more desirably extending to a depth of two 
to three microns. 
[0034] Following the filling of ITs 30 with isolation material, the 
structure is planarized to a level which exposes the top 
surface of the pad nitride 25. The pad nitride 25 is then 
removed, as by etching selective to the material of the pad 
oxide layer 20 which underlies the pad nitride. After re- 
moving the pad nitride, the pad oxide is preferably left in 
place as a sacrificial oxide, through which a collector re- 
gion 52 and a collector reach-through region 37, shown 
in Figure 6, are implanted with an n-type dopant by a 
masked selective implant process. Both regions 52 and 37 
have portions disposed within epitaxial layer 15 requiring 
implantation due to the lightly doped or intrinsic nature of 
the epitaxial layer 15 prior to such implant. Figure 7B is a 
top-down view illustrating the locations and general 



shape of the implanted regions 37 and 52 following such 
implant. 

[0035] Processing to form a bipolar transistor such as an HBT is 
desirably integrated with the simultaneous processing of 
other devices, e.g. logic transistors formed in other areas 
of the same integrated circuit (IC or "chip"). Such other ar- 
eas are generally referred to as "support areas" herein. To 
assist good process efficiency, the pad oxide 20 and pad 
nitride 25 (Figure 5A) are the same as those used to pat- 
tern devices in the support areas. In an embodiment, the 
collector dopant implant to regions 37 and 52 is inte- 
grated with implants in the support areas, such as thresh- 
old adjustment implants to the channels of n-type field 
effect transistors (NFETs), and implants used to form n- 
wells of p-type field effect transistors (PFETs). 

[0036] Referring to Figure 6, after completing the dopant im- 
plants to regions 37 and 52, the pad oxide is removed 
and a second oxide layer 40 is formed on the surface of 
the epitaxial layer 15, in place of the pad oxide. The sec- 
ond oxide layer 40 is desirably utilized as a gate oxide by 
devices in the support areas. Preferably, a masking layer 
such as a photoresist and/or anti-reflective coating (ARC) 
layer (not shown) is deposited over the second oxide layer 



40 where the bipolar transistor is being formed, at which 
time gate conductors and gate sidewall spacers are de- 
posited and patterned in the support areas. 
[0037] An opening 51 is then patterned in the oxide layer 40 

above the implanted collector region 52. Referring to Fig- 
ure 7A, a layer 112 of semiconductor material having the 
opposite dopant type as the collector region 52 is then 
formed over the structure as an intrinsic base layer. This 
layer 112 is formed epitaxially as a single-crystal semi- 
conductor film in the area immediately above the opening 
51, while forming as a polycrystalline film elsewhere. De- 
sirably, intrinsic base layer 112 consists essentially of a 
semiconductor alloy such as silicon germanium which is 
heavily doped to a concentration of between about 10 

18 -3 19 -3 

cm to 10 cm with a p-type dopant such as boron. A 
seed layer 45 may be deposited onto oxide layer 40 prior 
to forming the intrinsic base layer 112 to promote adhe- 
sion of the intrinsic base layer 1 12 to the oxide layer 40 
and/or assist in promoting other desired features of the 
structure. Thereafter, a layer of oxide 60 is formed over 
the intrinsic base layer 112. 
[0038] Referring to Figure 8A, a layer of silicon nitride is de- 
posited and photolithographically patterned to form a 



hardmask feature 65. As best shown in Figure 8D, the 
patterned hardmasl< feature 65 has a dimension 53 in a 
first horizontal direction and a dimension 50 in a second 
horizontal direction transverse to the first horizontal di- 
rection. Preferably, the dimensions 50 and 53 are the 
same or essentially the same, such that the hardmask fea- 
ture 65 is essentially square. 
[0039] Referring to Figure 8B, a series of steps are performed, 

resulting in the silicon material of the substrate being re- 
moved from an undercut region 62 disposed under the 
intrinsic base layer 112. A reactive ion etch is performed 
to pattern the stack of oxide layer 60, intrinsic base layer 
112 and the seed layer 45 (when present), using the pre- 
viously formed hardmask feature 65. Thereafter, an addi- 
tional hardmask layer, preferably of silicon nitride, is de- 
posited and patterned to form hardmask feature 67. As a 
result of patterning to form hardmask feature 67, an 
opening 69 results between the hardmask features 65 and 
67. Figure 8C provides a cross-sectional view of this stage 
of fabrication which is transverse to the view shown in 
Figure SB. 

[0040] Thereafter, the oxide layer 40 is removed from the surface 
of the epitaxial layer from within the opening 69, as by 



wet etching. Sidewall spacers 61, preferably consisting of 
silicon dioxide, are then formed on sidewalls of the hard- 
mask features 65 and 67 and on exposed sidewalls of the 
oxide layer 40, seed layer 45 (when present), intrinsic 
base layer 112 and oxide layer 60. Alternatively, in one 
embodiment, prior to removal of the oxide layer 40, a 
conformal layer of oxide is deposited on sidewalls of the 
hardmask features 65, 67 and exposed sidewalls of seed 
layer 45 (when present), intrinsic base layer 112, and ox- 
ide layer 60. In such embodiment, the conformal oxide 
layer is etched selective to nitride by a reactive ion etch to 
form sidewall spacers on sidewalls of the hardmask fea- 
tures 65, 67 and seed layer 45 (when present), intrinsic 
base layer 112 and oxide layer 60, while simultaneously 
removing the oxide layer 40 from the surface of the epi- 
taxial layer. 

[0041] vvith the intrinsic base layer 112 thus protected by oxide 
layer 40 and oxide sidewall spacer 61, the silicon material 
of the epitaxial layer 15 (Figure 8A) and substrate layer 
101 that were previously covered by the oxide layer 40 
are now etched from below the opening 69 defined by 
spacers 61. Preferably, this step is performed by a wet 
etch using ammonium hydroxide (NH OH) or a chemical 



downstream etch (CDE) to create the structure shown. 
This etch step also removes silicon material from an un- 
dercut region 62 below the intrinsic base layer 112. As a 
result, a collector pedestal 68 is formed having a lateral 
dimension 57 that is less than the lateral dimension 53 of 
the intrinsic base layer. This etch step also results in sili- 
con material being removed from an undercut region 63 
adjacent to the collector reach-through region 37. 
[0042] At this time, gas phase doping is preferably performed to 
increase the concentration of dopant material in the col- 
lector pedestal 68, which may include increasing the 
dopant concentration in the implanted collector region 52. 
Such doping is performed to provide a nominal dopant 
concentration in the collector pedestal 68 of lO^^cm"^. 
For making an npn type transistor, the dopant source gas 
preferably includes arsenic, but phosphorous and/or a 
combination of arsenic and phosphorous can also be 
used. 

[0043] Thereafter, as shown in Figure 9, a dielectric material is 
deposited to form a dielectric region 54 within the open- 
ing etched in the substrate. The dielectric material is then 
planarized to the top of the nitride hardmask feature 65, 
as by chemical mechanical polishing (CMP) to form the 



structure shown. The dielectric material preferably con- 
sists essentially of an oxide material and is preferably de- 
posited by a low temperature process such as a sub- 
atmospheric chemical vapor deposition (SACVD) or depo- 
sition of borophosphosilicate glass (BPSG). The oxide ma- 
terial desirably has less than optimum gapfill characteris- 
tics such that avoid 56 results within the undercut region 
adjacent the collector pedestal 68 including collector re- 
gion 52. Formation of a void 56 is preferred over merely 
filling the undercut region with a solid dielectric material 
because a void having a vacuum or gas (e.g. air) fill has a 
dielectric constant of one or nearly one. Another void 58 
is preferably also disposed in an undercut region adjacent 
the collector reach-through region 37. A dielectric con- 
stant of one represents a 67% reduction compared to a 
traditional dielectric including silicon nitride and silicon 
dioxide which have dielectric constants of about three. 
The lowered dielectric constant due to the void in the un- 
dercut region results in reduced collector-base capaci- 
tance for the bipolar transistor 100 illustrated in Figure 3. 
[0044] Thereafter, as shown in Figure 10, the nitride hardmask 
features are removed, as by wet etching, selective to the 
oxide material of the oxide layer 60 and spacer 61. The 



oxide layer 60 is then removed, as by wet etcliing, selec- 
tive to tlie material (SiGe) of the underlying intrinsic base 
layer 112. Next, as shown in Figure 11, a layer of polysili- 
con 118 is deposited, followed by deposition of a metal, 
metal silicide or other formation of a silicide to form low- 
resistance layer 123, to provide a raised extrinsic base 
128 over the intrinsic base layer 112. 

[0045] Thereafter, with reference to Figures 12, 13 and 3 again, 
steps are performed to complete the structure of the tran- 
sistor. As shown in Figure 12, a layer consisting essen- 
tially of an oxide 136 is deposited and patterned to form 
an opening 80 above the raised extrinsic base 128. A sac- 
rificial spacer 85 of silicon nitride is optionally formed on 
the sidewall of the opening 80, for the purpose of dimen- 
sional control, for example. 

[0046] Thereafter, as shown In Figure 13, an opening Is etched In 
the low-resistance layer 123 and polyslllcon layer 118 of 
the raised extrinsic base 128, as by wet etching. Selective 
etching can be used to form the opening, since the silicide 
123 Is etch distinguishable from the polyslllcon layer 118, 
and the polyslllcon layer 118 Is etch distinguishable from 
the Intrinsic base layer 112, particularly when the Intrinsic 
base layer consists essentially of silicon germanium hav- 



ing a substantial germanium content. 
[0047] In a particular embodiment, the polysilicon layer 118 is 
provided as a relatively thick layer. In such case, a wet 
etch of the polysilicon layer 118 selective to SiGe might 
not be sufficiently selective to avoid damaging the SiGe 
intrinsic base layer 112, particularly after "overetching", as 
is commonly practiced to compensate for variations in the 
thickness of a layer at different locations of a wafer. In 
such case, better selectivity can be obtained by replacing 
the polysilicon layer 118 with a relatively thick layer of 
polycrystalline SiGe disposed over a relatively thin layer of 
polysilicon, as described in commonly assigned, co- 
pending U.S. Patent Application No. 10/707,712 filed Jan- 
uary 6, 2004 (Attorney Docket No. FIS920030310US1), 
such application being hereby incorporated herein by ref- 
erence. Even greater etch selectivity is obtained when the 
SiGe layer is heavily doped with boron. In such case, a re- 
active ion etch can be performed to etch the upper SiGe 
layer, selective to the relatively thin polysilicon layer be- 
low. Afterwards, the relatively thin polysilicon layer is wet 
etched, selective to the underlying SiGe intrinsic base 
layer. 

[0048] Thereafter, the sacrificial spacer 85 (Figure 12) is re- 



moved, followed by the formation of the oxide spacer 130 
and nitride spacer 132 in the opening 80. These spacers 
are formed by depositing an oxide layer and then deposit- 
ing a nitride layer over the oxide layer. Thereafter, the ni- 
tride layer is etched by a reactive ion etch, selective to ox- 
ide. The underlying oxide layer is then etched from within 
the opening 80 to clear the surface of the intrinsic base 
layer 112, such as by wet etching. 
[0049] Finally, referring again to Figure 3, a T-shaped emitter 
114 is formed having an upper portion 150 disposed 
above a lower portion. The upper portion is broader than 
the lower portion which contacts the intrinsic base layer 
112, the broad upper portion serving as a conductive land 
onto which contact is made to the emitter through a con- 
ductive via 140. The emitter 114 is formed by the follow- 
ing steps. A layer of heavily doped n-type polysilicon is 
deposited to fill the opening between spacers 132 and to 
overlie oxide layer 136. Thereafter, a low-resistance layer 
125 is formed in electrical contact with the upper portion 
150 of the emitter, as by deposition of a metal and/or a 
metal silicide or formation of a self-aligned silicide by 
well-known technique. An oxide layer 138 is then de- 
posited to cover the low-resistance layer 125. 



[0050] Thereafter, the stack of layers including oxide layer 138, 
low-resistance layer 125, polysilicon layer 150, and oxide 
layer 136 are patterned by etching, such as by RIE, stop- 
ping on the low-resistance layer 123. Thereafter, the low- 
resistance layer 123 and polysilicon layer 118 are also 
patterned to final dimensions, stopping on the oxide layer 
40. Thereafter, a conformal dielectric layer of material 
such as silicon nitride 139 is formed over the structure to 
cover previously exposed sidewalls of the raised extrinsic 
base 128, emitter upper portion 150, low-resistance layer 
125 and the oxide layers 136 and 138. 

[0051] A thick interlevel dielectric layer (ILD) 146 is then de- 
posited over the structure. The interlevel dielectric 146 
desirably consists essentially of a highly flowable de- 
posited oxide, for example, silicon dioxide such as de- 
posited from aTEOS precursor or borophosphosilicate 
glass (BPSG). Vertical contact vias 140, 142, and 144 are 
then etched in the ILD 146. The conformal nitride layer 
139 functions as an etch stop during such etch, which is 
performed selective to nitride. Thereafter, openings are 
etched in the nitride layer 139. An optional low-resistance 
layer 127 such as a metal silicide can then be formed on a 
surface of the collector reach-through region 37. The vias 



are thereafter filled with a metal or metal-silicide to com- 
plete the bipolar transistor structure 100 illustrated in 
Figure 3. 

[0052] While the invention has been described in accordance with 
certain preferred embodiments thereof, those skilled in 
the art will understand the many modifications and en- 
hancements which can be made thereto without departing 
from the true scope and spirit of the invention, which is 
limited only by the claimsappended below. 



